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FLEXIBLE VERTEBRAL LINKING DEVICE 

FIELD OF THE INVENTION 

The invention relates to a posterior flexible vertebral linking device which 
works in tension, compression and flexion, and which damps all mechanical 
stresses. This device will havo has o perational advantages that will be described 
below . 

PRIOR ART: 

Wo iimow m Many posterior vertebral attachment units exist which rigidize 
rigidi^^ing a certain number of vertebrae by depriving them of any mobility, thus 
nllnwing tho oontabwiont o f containing all mechanical stresses. However, the first 
vertebra adjacent to this rigi dized block of vertebrae keep s all its mobility remains 
mobile a nd L consequently, ^is there is an a brupt discontintuty in movement 
between this rigid block and this free vertebra which v ery often generates a very 
high stress ef in^t fae Hnl^ing elements. The resuh is an acceleration of the 
degenerati<8n of this level fthe interface between the adjacent vertebrae and the 
vertebrae c<i>mprisinfi part of the rigidized block> . 

This problem was only partially solved by semi-rigid systems conceived to 
create an intermediate rigidity between the mobile vertebrae and the fixed 
vertebrae. These prior art systems present primarily one of two the followmg 
diRadvantftge s- either thcv work onlv in tension or they work in compression with 
a thrust in fensionr . 

As for those that E ith e r: th ey work only in tension: this is the case of all the 
devices baited on artificial ligaments. These systems are hardly olostio have little 
elasticity md leave with the discretion of th e op e rator the care to regulate , in 
particular, t lhe tensio n^ to the skill of the operator, thus in particular making thus 
random th;e mechanical characteristics in the operating mode of interest 
{tension/cojjDpression} that oonoomg uo haphazard. 



PAGE 3f18'R(»rDAT9123/2004 10:49:50 AM [Eastern Daylight 

BEST AVAILABLE COPY 



16:45 FROM : MOETTELI ET ASSOCIES 0041712301001 



TO:USPTO 



P. 4^18 



PUS-H002.()01 2 
Substitute S|pecification C2nd Pre-Amendment) 

Or: 'thoy As for those that work in compression with a thrust in tension, 

whiob this, makes these devices ineffective ono e they must assist when dealing 

with d isplaibements in tension e xt e mion . 

In ei.&er case: none of the known devices entirely solves the problem which 
is posed, mlmely, damping the mechanical stresses existing in tension/compression 
and flexion to which a moving vertebra em-be is.5ubjccted 

Wo T b vill nam e th e first prior art; patent Patent Application E P 0576 379 Al 
which pr e s e nts pro poses a shock absorber which seems to approach &e most 
closely at least firom the point of view of the general outline concept of this 
invention . This patent describes i olaim 1 of this pat e nt protooto "a uni-axial shock 
absorber working only in compression while playing the part of an abutment 
which opposes any displacement of the piston beyond a given value^^ 

This invention deals with I n thi s cas e t he exponential limitation of the 
displacemen t which oolvod by th e prior art, is a completely different p roblem aS 
that of the , which hao nothing to do with that th e p e rson who wonta to aolv e th e 
present invisntion. 

Wo now quot e a sooond prior art; th e p Patent application 0012998 
which des<r'ribe$ and claims "a flexible and cast solid vertebral linking device 
functioning! in a multidirectional way-. This ant e riority prior art reference does not 
solve exactily the same problem as th e one t hat of the present inventio n opoko to 
solvo> thio uiv e ntion having 4ue to its d ifferent means and fimctions. 

SUMMARY OF THE INVENTION 

The Invention concerns a flexible intervertebral linkinjudevice that meets 
the needs identified above. The device (U utilizes two sets of structures, A first 
structure (in is a rigid structure (110. 112. 114. 116) preferablv made of 
biocompatible metallic materials providing the device with good mechanical 
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rftQtgtan ce bv integral load transmission without deformation, A second structure 
(12^ is a flexible or damping str ucture (121 and 122) made of biocompatible 
viscoelastio! materials, permitting repeated elastic deformations, the combination 
of the two structures providing the device with both resistance and mechanical 
stress danstping of forces to which it is subjected, with the purpose of 
compensatfng for anv deficiency in the flexibility of certain anatomical links of the 

In an advantage^ I n th e present invontion^ ono t he surgeon can choose in a 
precise wai^ the desired working method: tension/compression or flexion, or the 
coinbinatio:n of the two working methods, thio in order so as t o avoid any contact 
between th(> articular facets. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Wo Will Hot the drawings whioh help u.i undorotand tfao invention. 

Figiire lA and IB bia of ohoot 1/6 prooonts are p erspective views (two 
alternative ipmbodiments} of the device in th e oqa e- o f- a working method oombin e d 
operating if I tension, compression and flexion. 

The-|Figures 2A, and 2B bis of ohoot 1/6 arc longitudinal cross-sectionskal 
views of tvVo alternative embodiments of the inventio n s of th e sam e d eviee. 

Figure 3 of she e t 2/6 is an exploded view of the invention device and its 

Figure 4 of sheet 3/6 is a perspective v iew in p e rsp e ctiv e of the invention 
for operatioin doviec worldng only in tension/compression. 

Figuire 5 of sh ee t 3/6 is a cross-sectio nal view of the devic e working 
invention operating o nly intension/compression. 

Figures 6 to 1 1 of ohoot <1/6 reprosont all are perspective views depicting the 
individual parts of the inventio n oonotituting th e devio e. 

Figure 12 of shoot ^/6 showo is a nerspective view of a nother opooifio 
f»e£»s — ¥y^M««g — QQOordin g — to the component for operation in the 
tension/coriipression mode. 

Figure 13 of nhc i pt 5/6 ohows jjs a sid6> cross-sectional view of a n alternative 
of the deviC'e working along two axes. 

Figures 14 to 17 of sh ee t 5/6 show arc perspective views of f our foims of 
the mobile fend of onothor o ther embodiments of the invention altomotivo of devtoo 
4-. 

Figure 18 of ahoot 6/6 ahowa is a side, cutaway view of the invention in 
place in a patient devioo in pooition . 
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DETAILEi:) DESCRIPTION OF THE PREFERRED EMBODIMENT(S): 

The device 1 nrilireft t wo sets of structures oongigto of t^vo oots of mocma : A 
first got c > f m e ono structure 1 1 is a o ompo se d- of rigid means stmcture 
manufactui^d out of preferably metal, biocompatible material ensuring a good 
mechanical resistance of the device by completely transmitting the forces. 

A s^Qond o e t of m e ans structure 12 form e d of is a fl exible or damping 
structure i aewi» manufactured out of viscoelastic biocompatible materials, 
supporting the repeated elastic strain. It is the combination of these two ooto of 
moona structures w hich makes the operation of the invention p ossible-^Ae 
fimotioningl of tho inv e ntion. 

The first oot of m e ans structure 1 1 includes four mechanical structures 110, 
112, 114» 1116 which have the function of transmitting the stresses to which the 
device 1 i!^ subjected ^ without deformation b e coming d e form e d, and to whioh 
dovioo 1 ia Qubjoot e d , 

The mechanical structure 110 is made up of a mechanical rod U I, one of 
its ends being surmounted by a circular plate U3b connected to the 
oforomontipood rod 111 with a broad joining radius 113a, the whole assembly 
being able to slide in the hollow port cavitv o f the structure 1 14 which encloses a 
visco-eiastilc element 12 L 

The mechanical structure 1 12 is a cap provided with a thread 1 17 allowing 
for the ftxitng of the afor e m e ntion e d -structure 1 12 on structure 1 14; the means 
structure 112 has a shoulder area 118 which makoo poaoiblo tho onolosuro of 
encloses a viscoelastic-centering ring 121 between itself and t he plate ll3b-€ind 

The mechanical structure 1 14 is made up of two hollow cylinders^ one of 
which is tapped to allow the fixing of a rod 116 with a threaded end. The 
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mechanical structures m oQtifl 1 1 0 and 116 will be fixed on the vertebrae to permit 
the functioning allow the operation of the device 1 . 

The second sot of moano structure 12 is made up of two viscoelastic 
comt oon ontiK ft ieflft& 121 and 122. 

The first mooiw centering ring_ 121 Is— preferably a o e ntering ring ^ioh l e to 
allows t he i;od 111 slide in its center 

The second f»e^)$ comnonent 122 is a disc %U of viscoelastic material. 
These two centering rings 121 and 122 can undergo compressive stresses \Niuch 
may not b0 uniformly distributedr-t^ They wer e cotio e tv e d are formed to resist 
many cyclic fatigue stresses without breakings ^Compressive te sts have been 
performed .which verify that the components w e re oorri e d out in this dirootioB, 
m e onfi 121 and 122 are able to undergone these tests of elastic deformation as 
many time$ as necessary. 

The selected material is preferably a biocompatible polyurethane; thanks to 
their integtration inside mechanic meems components 110. 112, 114, 116^ the 
viscoelastic m e ans elements 121 and 122 are protected by the preceding 
mechanical^ structures ef from t he aggressive enviroxunent of the human body, 
which avoids in particular the formation of fibers around these means components 
which could deteriorate the viscoelastic properties of the material and 
consequently disturb the correct operation of device 1. 

Thtg device 1 makes possible the damping of the stresses in 
tension/coxSipression and flexion which it undergoes by the intermediaiy of rods 
1 10 and 1 li6. This function is assured owing to the fact that «ee»9 component 112 
has a sufiiGliently broad opening 1 19 to allow a clearance of rod 1 1 1 and that there 
is a functional allowance between plate 113 and the hollow body of fifteaas 
component 1 14; the shoulder area 118 serves as a stop and maintains in its housing 
&e viscoeliistic mass element 121 tfius constrained l ookod up . 
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If one wishes to work in a uni-axiaJ mode of tension/compression, moonfl 

component 1 1 2 is replaced by another m e ona component 115 equipped with ft 

thr e ading threads 117. which includes a cap 115c, whose opening 119 is of a 

diameter which corresponds in ad i uat e d to the diameter of the rod 1 10 and which is 

elongated with a w hile boing oxtondod by a guiding rod guide 115a. 

This device 1 is thus able to react dynamically to the a pplied s tresses 
appli e d . N^i)te that it ft is essential that structure 114 comprises a bore 1 14a to 
allow ft fop: low friction g uidance without e xc e ssiv e fiiotion of rod 110 in the 
aforementis>ned means component 114. 

The adjustment of the diameter of the viscoelastic centering rings 121 and 
122 must be selected oorriod out with precision to enable them to be crushed freely 
until a stress threshol d is reached, this threshold corresponding to a point of 
flontflgf nf the hore 11 4a of faeam component 114. 

An alternative of th e g e t of ffieans to the structure 11 includes metal 
structures Iiaving the same functions as the structures 110, 112, 114, 116, but the 
assembly qif these three parts (110»130, 131) boing of a ^v e olcor borrior having a 
lower thres^hold t han that of the structures previously described (see Ffi g 2). 

The rod 1 3 1 is fixed at its cap 1 30 by the intermediary of a threading thread 
located on shoulder 132 of the rod. 

In tliie ca se- of this alternative embodiment, the possibilities of displacement 
of rod HQ subjected to the stresses in flexion are enabled e n s ur e d by play 119 
located bettiveen cap 130 and rod 110. 

For a uni-axial operation of device 1, it is preferable to use ffieene 
component s 110, 112, 114, 116 which provide a better guidance of rod 110. If 
small overgdl dimensions are needed* moono components 110, 130, 131 may be 
preferably lUsed» 
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DeViice 1 is able to function with rods 1 10 and 131 moving on convergent 

axes (fig 13) with a small angle of displacement and according to given 

clearances. 

The set of moano structure 12 is therefore comprised of two visco-elastic 
meaas cotfiponents 141 and 142. Note that the rod 110 has a flange 110' on its 
end. The ^^aeems component 141 is a cylinder luH of visco-elastic biocompatible 
material^-eSKl whose face in contact with a plato the flange 1 1 0* i s inclined. The 
ffieam comiponent 142 is a centering ring whose face in contact with the back of a 
plate the flimpe 110' is inclined. 

The a e t of meono structure 11 (rigid means) is identical to die previous one 
that is desciribed above» the orifice 119 being however eccentric depending on the 
chosen angle. The shape of orifice 119 is defined depending on the clearances 
^wliioh are ^Ulowed te with t he rod 110. . 

The rod 110 is thus able, thanks to these new technical characteristics, to 
function in tension/compression with a given angle with respect to the rod 116 or 
the rod 131 in the case in which the 119 orifice is eccentric and adjusted to the rod 
116 or mi fgeeFfi gurc 14). 

The rod 110 forming an angle with respect to as agninst the rod 116 or 131 
(die case iril which the 1 19 orifice is oblong and eccentric) can in this case function 
equally we!|l in tension/compression as in lateral flexion, (see F ig, IS). 

The rod 110 can function in tension/compression and in flexion following a 
preferred aj,us which can be^ for instance^ in the sagital plane of the spinal column^ 
and this ome on the one side and one the other side of a given position of the rod 
1 10 'wiiiclL at rest> forms f orming ot rcot an angle with the rod 1 16 or the rod 131 » 
this also bding m the case where the meaf» component 1 1 9 is oblong or eccentric^ 
(figure 16)a 
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Finally, the rod 1 10 can function in tension/compression and in flexion in 

alt directioltis, fonning an angle, as against tbe rod 116 or 131 in case the orifice 

1 19 is ecceiatric or larger than the diameter of the rod 110 (seeFfigure 17). 

MuMjple variations and modifications are possible in the embodiments of 
the invcntiipn described here. Although certain illustrative embodiments of the 
invention have been shown and described here, a wide range of modifications^ 
changes, and substitutions is contemplated in the foregoing disclosure. In some 
^nsta pces^ feome features of the present invention mav be employed without a 
corresponding use of the other features. Accordingly, it is appropriate that the 
foregoing clcscription be construed broadly and understoo d as being given bv wav 
of illustratifin and example only, the spirit and scope of the invention being Hmi^e^ 
only by the, appended claims. 
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